beIng aware of the crucial importance of the problem for the ex1:ension of Dirac's theory from the electron to the nucleon, we tried to design an experiment which would give a definite answer. 1 The final apparatus has been described in the preceding lecture by Dr. Chamberlain.
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Other experiments involving photographic detection were also planned at that time and carne to fruition soon after the success of the first experi-3 ment.
Dr. Chamberlain has described to you what an antiproton is and how it was found~and I have nothing to add to his lecture on these matters.
The properties used for the identification of the antiproton were predicted by Dirac long ago and were used as a guide in finding the particle.
However, once it was found, we faced a host of new problems, and it is to those that I will direct the rest of my speech.
I will be very brief concerning the experimental developments.
Here, great emphasis has been put on the development of better antiproton beams. By "better" I mean beams in which there are more antiprotons per unit time and in which the ratio of the number of antiprotons to unwanted particles is higher. Suffice to say that now it is possible to have at Berkeley beams with about 10 antiprotons per minute instead of one every 15 minutes as in 1955, and beams in which antiprotons are about one in ten particles instead of one in 50,000 as in 1955. The improved beams allow more difficult and complicated experiments and the developments of electronics and bubble chambers has kept pace with the increased possibilities. I may add that the complications in which we are entering now are by no means a cause of joy to the experimenters who have to cope with them, and that they are properly considered as the heavy price to be paid in order to obtain more detailed physical information.
Some of the problems raised by the very existence of the antiproton have a predictable solution, although the prediction does not derive from anything as solid as Dirac I s theory. We could, for instance, expect with complete confidence the existence of the antineutron and of all the antiparticles of the baryons, although it might require considerable skill to find them. In fact, antineutrons are certainly formed copiously at the Bevatron but the primary antineutrons are very difficult to identify. For Similarly, the antilambda was found by Baldo-Ceolin and Prowse 7 in photographic emulsions exposed to a pion beam and was confirmed in the hydrogen bubble chamber. Also the antisigma-zero has been recently seen 8 in a hydrogen bubble chamber by the Alvarez group in Berkeley.
It is also pos sible to predict with certainty some of the nucleonic properties of the antinucleons --specifically the spin, I-spin, third component of the I-spin, and parity--to be those shown in Table 1 . we are working now, and here we must be guided mainly by experiment, at least for the time being, and also be prepared for surprises.
The first surprise carne immediately after the discovery of the antiproton, when we found that this particle has an unusually large collision cross section. This fact has now been studied intensively for some time.
The simplest situation occurs in the case of proton-antiproton collisions.
There, in addition to the charge-exchange process mentioned above, there are two other possibilities, elastic scattering and annihilation, at least until we reach energies such that inelastic processes (pion production) also .. do 'not, extend to energies above 1 Bev, where some critical tests of the theory will become possible.
In addition to the total cross sections for scattering, annihilation.
and charge exchange mentioned above, the angular distribution on scattering has been measured. Here a large diffraction peak in the forward direction has been found. It is directly related to the annihilation.
The extension of the cross -section studies to complex nuclei has been started. The deuteron has been first investigated with the hope of finding information on the neutron-antiproton interaction. Here the data are still very rough, mainly because the subtraction techniques which we were forced to use introduce considerable errors. The qualitative feature seems to be that there is not much difference between proton-antiproton and neutron-antiproton collisions.
For heavier nuclei the data from the nucleon-antinucleon collision have been fed into an optical-model treatment, and the results agree with the experimental data as far as they are available. This gives a consistent picture connecting the more complicated case to the simpler one.
There are. however. still SOHle crucial tests to be performed on the p-p case in order to validate the Chew model. At high energy, say 2 Bev, the annihilation cross section should be essentially the cross section of the core, and hence considerably smaller than the one observed at lower energy: 10-26 cm 2 would be a generous guess. If this expectation is not fulfilled it will be neces sary to look for some other model. I will not go further into the numerous problems connected with eros s -section studies, and will turn now to the annihilation.
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The annihilation process itself has been fairly well investigated experimentally, but the theoretical situation leaves much to be desired. Initially the effort was mainly directed toward establishing the fact that the energy released was 2mc 2, thus furnishing a final proof of the annihilation. In Direct annihilation into photons may occur, but is expected to be rare and thus far has never been observed with certainty. The reason for this difference between the behavior of electronpositron and nucleon-antinucleon pairs is, of course, that the latter can annihilate not only through the electroITlagnetic interaction giving rise to light quanta but also through the specific nuclear interaction whose quanta are the pions. This last interaction is ITluch stronger than the electroITlagnetic one, and when both are siITlultaneously present its effects overwhelITl those of the electroITlagnetic interaction, which is the only one available to the electron-positron pair.
The ITlost significant result of the annihilation studies is that the annihilation process gives rise to an average of 4.8 pions per annihilation, about equally divided aITlong positive, negative, and neutral pions. These pions escape with a continuous energy distribution, the average kinetic energy being about 2.00 Mev. In about 40/0 of the cases of annihilation at rest strange particles,. K-ITlesons, are eITlitted (see Fig. 5 ).
The escaping pions give rise in cOITlplex nuclei to secondary processes and thus a nUITlber of nucleons or light nuclei is also found aITlong the particles eITlitted on annihilation. SOITletiITles the relatively rare K-ITlesons interact, producing a A-hyperon, and even ITlore cOITlplicated hyperfragITlents have been observed (Ekspong).
In hydrogen the ITlultiplicity of the prongs (referring of course only to charged particles) for annihilations at rest is given in the following little Fermi I s theory and to bring it into agreement with facts. Some of these attempts are very ingenious and one would wish that there were more success than there is. The ratio between K-mesons and pions is another element of the puzzle that has to be taken into account and seems rather intractable for the time being.
It is, however, hardly to be expected that a purely statistical theory should explain quantitatively the annihilation process, inasmuch as selection rules, strong interactions of the escaping particles, and other important factors completely omitted in the theoretical picture are at work. I think that the future study of the annihilation process, with its bearing on the core of the nucleon--a region of which we know so little --will give some important results. Antinucleons are especially suited for this study because they will exhibit more clearly than other particles the effects of the core.
And now let me say some words on the popular subject of the "antiworld." Already Dirac in his Nobel lecture of 1933 said,
If we accept the view of complete symmetry between positive and negative electric charge so far as concerns the fundamental laws of nature. we must regard it rather as an accident that the earth (and presumably the whole solar system) contains a preponderance of negative electrons and positive protons. It is quite possible that for some of the stars it is the other way about, these stars being built up mainly of positrons and negative protons. In fact, there may be half the stars of each kind. The two kinds of stars would both show exactly the same spectra, and there would be no way of distinguishing them .by present astronomical methods.
We can now add that the proved existence of the antinucleons has v~ry strongly corroborated this possibility, although we also know that the symmetry between electric charges breaks down for weak interactions. As far as astronomical means are concerned, a verification seems impos sible in principle, because they depend on electromagnetic phenomena, which are -15-UCRL-90Z1 invariant under charge conjugation. It is, however, interesting that the recent important discove ries about beta decay and the neutrino now give a method for looking for antimatter which, while still impos sible in practice, is sound in principle, being based on weak interactions which are not invariant under charge conjugation. This rnethod, if it could be executed, would solve unarnbiguously the question of the existence of antiworlds. If we observe a star and frorn its astronornical characteristics can decide that rnost of its energy cornes frOln a known cycle, as for exarnple the carbon cycle, which is dorninated by beta decays, we can see whether the antineutrinos corning frorn it are or are not of the sarne kind as the antineutrinos corning frorn a pile or frorn our sun by perforrning an inverse beta-decay experirnent. If it should turn out that they are neutrinos, i. e. , different from those corning from the sun, then the star is of antirnatter.
Let rne finish this lecture with a rernark and sorne acknowledgrnents.
As in rnany investigations in high-energy physics in recent times, this experirnent is the result of a large cooperative effort. The credit for the succes s is shared by rnany individuals and even by a rnachine, which was obviously necessary to produce particles above the threshold for nucleon pair production. Since it is irnpossible to rnention all the numerous con- 
